This study investigates differences in the effects of comorbidities on survival in Medicare beneficiaries with prostate cancer. Medicare data were used to assemble a cohort of 65-to 76-year-old Black (n = 6,402) and White (n = 47,458) men with incident localized prostate cancer in 1999 who survived ≥1 year postdiagnosis. Comorbidities were more prevalent among Blacks than among Whites. For both races, greater comorbidity was associated with decreasing survival rates; however, the effect among Blacks was smaller than in Whites. After adjusting for age, socioeconomic status, and community characteristics, the association between increasing comorbidities and survival remained weaker for Blacks than for Whites, and racial disparity in survival decreased with increasing number of comorbidities. Differential effects of comorbidities on survival were also evident when examining different classes of comorbid conditions. Adjusting for treatment had little impact on these results, despite variation in the racial difference in receipt of prostatectomy with differing comorbidity levels.
Introduction
Comorbid conditions increase the risk of mortality for individuals with many different diseases, including coronary heart disease, diabetes, infection, and cancer (Chirinos et al., 2007; Lesens et al., 2003; Monami et al., 2007; Ouellette, Small, & Termuhlen, 2004; Sachdev et al., 2004; Tammemagi, Neslund-Dudas, Simoff, & Kvale, 2004; Yancik et al., 1998) . Comorbidity is also a strong predictor of mortality during an inpatient hospitalization and after a major operation (Alibhai et al., 2005; Ferrier, Spuesens, Le Cessie, & Baatenburg de Jong, 2005; Librero, Peiro, & Ordinana, 1999; Martins & Blais, 2006; Sundararajan et al., 2004) . The effect of comorbidity on mortality varies by the type and severity of comorbidity, with larger increases in mortality seen for more serious conditions, such as congestive heart failure, than for less serious conditions, such as hypothyroidism (Elixhauser, Steiner, Harris, & Coffey, 1998) .
The relationship between race and comorbidity is of potential clinical and public health importance. The prevalence of comorbidities varies by race in the United States, with Blacks having higher rates and earlier onset of comorbid conditions than Whites (McGee, Cooper, Liao, & Durazo-Arvizu, 1996) . Racial differences in rates of comorbidities have been postulated to be an important cause of racial disparities in health and health care (Institute of Medicine of the National Academies, 2002), and several studies have examined the contribution of comorbidities to racial disparities in survival (Gomez, O'Malley, Stroup, Shema, & Satariano, 2007; Mayberry et al., 1995; Tammemagi, Nerenz, Neslund-Dudas, Feldkamp, & Nathanson, 2005) . Although these studies have reached different conclusions about the relative contribution of comorbidities, they have generally shared the assumption that the effects of comorbidities on survival are the same in Black and White populations.
New Contribution
Despite the importance of comorbidities to outcomes, there have been relatively few prior studies examining racial differences in the relationship between comorbidity and outcome. One prior study found that the difference in mortality between Black and White men with prostate cancer disappeared as initial comorbidity increased, supporting the possibility that comorbidities have a greater effect on Whites than on Blacks (Freeman et al., 2004) . However, another study demonstrated similar patterns of relative risks (RRs) for comorbidities among Black and White women with breast cancer (West, Satariano, Ragland, & Hiatt, 1996) . In this article, we extend this work to investigate the differential effect of comorbidities on survival among a national cohort of elderly White and Black men with newly diagnosed prostate cancer.
Conceptual Model
The conceptual framework underlying this investigation is based on findings in three areas. First, demographic studies have demonstrated a narrowing mortality difference between Black and White men as they age (Johnson, 2000) . Although Black men have nearly twice the mortality rate of White men prior to age 60, the difference narrows after age 60. For men between 75 and 79 years of age, Black allcause mortality is 6,580 per 100,000, and White all-cause mortality is 5,066 per 100,000, a difference in risk of only 30% (Kung, Hoyert, Xu, & Murphy, 2008) . These rates may reverse at older ages, with greater mortality among White than Black men aged more than 81 or more than 87 (Kestenbaum, 1992; Manton, Poss, & Wing, 1979) . Increasing rates of chronic illness among Whites may contribute to this reversal; however, multiple studies have demonstrated that rates of comorbidity and disability remain higher among Blacks than Whites across the seventh and eighth decade of life (Dunlop, Song, Manheim, Daviglus, & Chang, 2007; Kelley-Moore & Ferraro, 2004; Miles & Bernard, 1992; Sudano & Baker, 2006) . The possibility that racial differences in the effect of comorbidities on mortality among elderly individuals contribute to this crossover has received insufficient attention (Johnson, 2000) . Second, because Blacks are diagnosed with and die from multiple chronic diseases at younger ages than Whites, elderly Blacks who are still alive with a chronic disease may have demonstrated their relative resilience to the effects of that disease on mortality compared with elderly Whites with the same disease. Third, the effect of comorbidity on mortality may be particularly important for individuals who are newly diagnosed with a disease, where there is uncertainty about the necessity of aggressive treatment and a relatively low case-fatality rate, such as prostate cancer (Wilt et al., 2008) . In this setting, comorbidity may influence treatment decision making as well as mortality following treatment (Concato, Horwitz, Feinstein, Elmore, & Schiff, 1992; Fouad et al., 2004) . These relationships are particularly interesting for prostate cancer where significant racial differences in treatment and mortality have been demonstrated and where expected life-expectancy is included in treatment guidelines (Godley et al., 2003; National Comprehensive Cancer Network, 2004; Polednak & Flannery, 1992; Schapira, McAuliffe, & Nattinger, 1995) .
Methods
We conducted a retrospective cohort study of Black and White men aged more than 65, diagnosed with localized prostate cancer, in 270 U.S. metropolitan statistical areas (MSAs) between January 1 and December 31, 1999. The study was approved by the institutional review board of the University of Pennsylvania, Philadelphia.
Data Sources
Data from several sources were linked for this study. National Medicare claims files (MEDPAR, Part B, Outpatient, Denominator) were used to identify the study cohort and determine patient-level information on age, sex, principal and secondary diagnoses, comorbidities, procedures, and death status. National Medicare data provide a representative sample of the U.S. population; however, Medicare data alone do not provide information on cancer stage. Thus, SEER-Medicare files for prostate cancer (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) were used to develop and validate a predictive model for localized stage at presentation that was then applied to the national Medicare data. In addition, SEER-Medicare data were used in sensitivity analyses to determine if the relationships between comorbidity, race, and survival held in a smaller sample where stage information was available. Data from the 2000 census were used to determine MSA characteristics as well as create block group and census tract level measures of socioeconomic status (SES) that were used as proxies for individual level information.
Study Population
The initial sample included 1,021,919 beneficiaries identified by the Centers for Medicare and Medicaid Services as having an ICD9 code 185 (malignant neoplasm of prostate) in 1999. To ensure that men in the sample had an incident diagnosis of prostate cancer in 1999, we excluded men who had a code for prostate cancer, personal history of prostate cancer, or prostatectomy in the 3 years prior to the index year (n = 785,106) as well as men who did not have a code for a prostate biopsy, transurethral resection of the prostate, surgical pathology, or four or more codes for prostate cancer diagnosis in 1999 (n = 23,860). We then excluded men who did not live in a continental U.S. MSA (n = 52,299), were a race other than Black or White (n = 42,888), could not be linked to a census tract or block group (n = 1,636), were younger than 65 (n = 14,931), or had fewer than 3 months of data prior to January 1999 or were enrolled in an HMO between January 1999 and March of 2000 (n = 13,722). Because the benefit of active treatment for prostate cancer in elderly men is particularly controversial, we also excluded men who were more than 76 years of age (n = 20,769), giving us a final sample of 66,708 men.
Exclusion of Metastatic Cases
Because Medicare data contain no direct information on stage of disease at diagnosis (localized vs. metastatic), we imputed stage using a logistic regression model developed and validated from 1991 to 1999 SEER Medicare prostate cancer data. SEER-Medicare data were split into a training (n = 48,000) and validation set (n = 50,778) . A logistic regression model was built on the training data; the outcome was localized stage at diagnosis (historic SEER Stage A, B, or C), and the predictor variables were 737 diagnostic codes selected by clinical experts as having a possible association with stage at diagnosis, along with age and the four geographic census regions. Because the goal was to create a model with the greatest discriminatory power, rather than the interpretation of any of the individual coefficients, all the variables were included in the final predictive model; the final model yielded a C-statistic of 0.852 (0.832 among Blacks and 0.854 among Whites). In the validation data, a cutoff of a predicted probability of localized disease less than 80% resulted in an overall prevalence of participants with localized disease greater than 95% (95.1%). After applying this model to the national Medicare data, 11,185 men with less than an 80% predicted probability of localized disease were excluded, yielding a sample of 55,523 men.
Variables
The primary outcome measures were survival and type of treatment. For the results presented here, the primary exposure variables were patient race and the number of comorbid conditions. Possible confounders included age, SES, geographic region, and community structure.
Outcome Measures: Death and Treatment
Date of death was determined from the Medicare Denominator files from 1999 to 2002. All other patients were censored as of December 31, 2002. Treatment was determined by ICD9 and HCPCS codes for prostatectomy or radiation in the MEDPAR, carrier, and outpatient files for the 12 months following diagnosis (see Appendix A; Begg et al., 2002) . Patients with codes for both prostatectomy and radiation (n = 634, 1.14%) were categorized as having a prostatectomy because radiation was considered as given postoperatively.
Primary Exposures: Race and Comorbidities
Patient race was determined from the Medicare 1999 Denominator File and coded as Black or White. ICD9 diagnostic codes for comorbidities were identified in the Medicare MEDPAR, Outpatient, and Carrier files in the timeframe extending 90 days prior to diagnosis using the non-cancer-related categories described by Elixhauser et al. (1998) as well as an additional category, stroke, that was prevalent in our sample. We considered the impact of the comorbid burden, or comorbidity number, measured as the sum of these categories for each individual (reported as 0 to 4 and more than 4). Because a claim for a comorbidity could only occur if the patients had contact with the health care system before their date of diagnosis, we used claims from Part M and MEDPAR files to identify individuals who lacked a doctor's visit or hospitalization in the 90 days prior to diagnosis and in the year prior to diagnosis and conducted sensitivity analyses after excluding these individuals from the sample.
Confounders
Age at diagnosis was determined from the Medicare denominator file. Block group and census tract information were used as proxies for individual measures of SES. For men who could not be assigned to a block group (n = 7,236) or where there were insufficient data at the block group level, census tract by race measures were used; if census tract by race data were not available, overall census tract data were used. Socioeconomic status measures included in the models were median household income and percentage of males with less than a high school degree.
Community contextual factors such as geographic region and size, percentage living in poverty, racial composition, and level of segregation in the patient's city were also included. This information was obtained from the U.S. Census 2000 with region defined as North, South, West, and Midwest, and segregation was assessed using the isolation index (Massey & Denton, 1988) .
Statistical Methods
The proportion of Blacks and Whites with individual comorbidity categories and with number of comorbidities for each was described, along with odds ratios (ORs) and the associated 95% confidence interval (CI). Fisher's exact test was used to determine whether each OR was different from 1.0. Racial differences in the distribution of number of comorbidities were assessed using a chi-square test. Survival rates were described using Kaplan-Meier plots.
Associations between survival times and either comorbidity number or individual Elixhauser categories were modeled using Cox regression. Initial analyses suggested that the assumption of proportional hazards for the Cox model was violated during the first year postdiagnosis; for this reason and because death after 1 year is more likely to reflect prostate cancer, we omitted 1,663 patients who died during the first year postdiagnosis and considered survival conditional on surviving for at least 1 year postdiagnosis. To maintain statistical power and to avoid fitting models where some strata have small numbers of deaths, patients with more than four comorbidities in the models using comorbidity number were pooled into a single category. For the models using individual Elixhauser comorbidities, four categories with fewer than 40 participants of either race (pulmonary circulation disease, HIV-AIDS, obesity, and drug abuse) were pooled into a single category. Results for this heterogeneous "other" category are not reported here.
Likelihood ratio tests were used to assess the strength of the overall interaction between race and comorbidities both in models that contained only race and comorbidity terms as well as in two models with adjustment for possible confounding. A partially adjusted model allowed for possible confounding by age, variables reflecting SES (income, proportion of males completing high school), and contextual characteristics (census region, MSA population, percentage of MSA living in poverty, proportion of MSA population that is Black, and level of MSA segregation) that were significantly associated with mortality in other analyses of the same data. The fully adjusted model also considered the effect of treatment (radiation, prostatectomy, or none) on survival. In addition to the main effect terms, we adjusted for possible confounding by interactions between race and treatment, and race and segregation. The same modeling procedure was used for individual Elixhauser categories, but only the results from the fully adjusted model are reported here. In addition, to ensure that the results were robust to concerns about the validity of the imputed measure of stage, the differential exposure of Blacks and Whites to the health care system prior to diagnosis, and the exclusion of individuals who died in the first year, we also ran the models in the SEER-Medicare data set (both using the SEER measure of localized stage and using the predicted measure of localized stage with the same cutoff point) with the sample of individuals who had a doctor's visit or hospitalization in the prior year and using 1-year mortality as the primary endpoint. Finally, logistic regression models were used to examine the effect of comorbidity number on three different outcomes related to treatment, that is, any versus no treatment, radiation versus no radiation, and prostatectomy versus no prostatectomy in both an unadjusted and adjusted fashion.
In addition to using the likelihood ratio test to provide an estimate of the overall strength of the interaction, we examined the results of individual Wald tests to better understand how specific comparisons of interest differed. For the models using comorbidity number, we tested the hypotheses that the hazard or OR for each number of comorbidities versus no comorbidities differed between Blacks and Whites. For each model, five comparisons were made, and the resulting p values (p) were adjusted for multiple comparisons using Hochberg's step-down approach to yield adjusted p values (p A ; Hochberg, 1988) .
Analyses were carried out using R 2.6. All hypothesis tests were two sided and used a Type I error rate of 0.05; 95% CIs are presented along with estimates of RR or odds of particular effects. Table 1 reports the sample demographics. Black and White men in the sample were of similar age at diagnosis, but Blacks tended to have lower SES, were more likely to live in the South and less likely to live in the West, and more likely to live in cities with higher levels of segregation. Compared with White men, Black men were less likely to undergo active treatment, including either prostatectomy or radiation.
Results

Comorbidity Patterns
The overall burden of comorbidities differed among the races, with Blacks displaying a larger number of comorbidities compared with Whites (p < .0001): 35.7% of Whites had no comorbidities, compared with 25.9% of Blacks, whereas 8.5% of Whites had four or more comorbidities, compared with 14.7% of Blacks (Table 1) . Table 2 shows that the prevalence of individual comorbidities ranged from 0.5% (paralysis) to 40.4% (hypertension) for Whites and between 0.9% (weight loss) and 58.4% (hypertension) for Blacks. The majority of comorbidities were more prevalent (OR = 1.15 to 2.86) in Blacks than in Whites. However, rates of coagulopathy, chronic obstructive pulmonary disease, and rheumatologic disease did not differ significantly among the two racial groups, while arrhythmia, depression, hypothyroidism, and valvular disease occurred less frequently in Blacks compared with Whites. 
Relative Mortality Rates
The Kaplan-Meier plots in Figure 1 demonstrate that the gap between mortality rates for Blacks and Whites narrows with increasing number of comorbidities. Table 3 shows that, in an unadjusted Cox model, increasing number of comorbidities was associated with increasing risk of mortality in both Whites and Blacks. However, the effect of increasing comorbidities differed between racial groups, with the death rates for Blacks increasing at a slower pace compared with that for Whites (overall p = .026). For example, Whites with more than four comorbidities had death rates that were 5.25-fold (95% CI = 4.70-5.86) greater than that for Whites with no comorbidities, but Blacks with more than four comorbidities had death rates that were 3.64-fold (95% CI = 2.90-4.58) greater than that for Blacks without comorbidities. These RRs were significantly different (p A = .040). Mortality among Blacks 420 Medical Care Research and Review without comorbidities was 1.66-fold (95% CI = 1.39-1.98) greater than that for Whites without comorbidities, but Black mortality was only 1.06-fold (95% CI = 0.83-1.31) greater than White mortality for men with four comorbidities and 1.15-fold (95% CI = 0.96-1.38) greater for men with more than four comorbidities. Table 3 also shows that similar patterns were observed in the model (partially adjusted model) that included age, socioeconomic conditions (income, educational attainment), and contextual characteristics (geographic region, percentage living in poverty, percentage Black, isolation index). Increasing numbers of comorbidities remained associated with increased risk of death, with effects within each race that were somewhat smaller than in the unadjusted model. Increasing numbers of comorbidities continued to have a smaller effect on relative survival rates in Blacks than in Whites (overall p = .034). After partial adjustment, the RR of death in Blacks versus Whites with no comorbidities was only slightly smaller than that in the unadjusted model (RR = 1.57; 95% CI = 1.19-2.08); in contrast, the RR for Blacks versus Whites was only 1.01 (95% CI = 0.82-1.48) at four comorbidities and 1.10 (95% CI = 0.72-1.41) at more than four comorbidities. In this model, covariates that significantly (p < .05) increased risk of death included age, increasing proportion of Blacks in the MSA, income, and decreasing proportion of men with a high school degree. Although treatment with either radiation or prostatectomy was associated with better survival (p < .0001), adding treatment to the above model (Table 3 , fully adjusted model) had only minor effects on the relationship between race, comorbidity, and survival. Two-way interactions between race and treatment (prostatectomy and radiation) and a three-way interaction between race, treatment, and comorbidity were not statistically significant (p = .17; p = .45, and p = .42). Similar results were seen using SEER-Medicare data. In that sample of 96,986 individuals, the effect of comorbidity on survival differed significantly between Blacks and Whites, whether the model was estimated in the sample that excluded metastatic cases based on the SEER stage variable (n = 78,027, p value for interaction = .002) or the sample that excluded metastatic cases based on an 80% predicted probability of being localized from the predictive model (p value for interaction = .005). For example, in the sample using the SEER stage variable, the hazard ratio (HR) for four comorbidities compared with no comorbidities was 3.43 (95% CI = 3.14-3.75) among Whites and 2.74 (95% CI = 2.26-3.33) among Blacks. The same pattern was seen in Medicare data when the analysis was restricted to individuals who had a doctor's visit or a hospitalization in the past year (n = 51,527: 11.5% Black, 88.5% White). In this sample, the effect on comorbidities on survival among Whites was also greater than the effect among Blacks, although the statistical significance was slightly decreased given the smaller sample size (p value for interaction term = .003). For example, the HR for four comorbidities compared with no comorbidities was 2.88 (95% CI = 2.67-3.11) among Whites and 1.98 (95% CI = 1.65-2.37) among Blacks. When examining 1-year mortality (4.6% of Blacks, 2.9% of Whites), the effect of comorbidities on survival remained larger among Whites than among Blacks, although these differences were much smaller (e.g., for four comorbidities vs. no comorbidities, the HR was 1.41 [95% CI = 1.137-1.74] in Whites and 1.03 [95% CI = 0.64-1.64] in Blacks), and the interaction between comorbidity and race was not statistically significant. Table 4 shows the risk of death among individuals with specific comorbidities relative to individuals of the same race without comorbidities as well as the risk of death in Blacks versus Whites for each comorbidity. The overall effect of individual comorbidities differed significantly among the races (overall p < .0001). When considering the effects of individual categories, we note that the statistical power to detect significance of specific effects varies with the number of participants for each 422 Medical Care Research and Review race and for each category as well as the magnitude of the association with mortality. Because the number of participants with specific comorbidities varies, and for many categories is small (Table 2) , lack of statistical significance for a particular category and comparisons among specific categories should be interpreted cautiously. Table 4 is divided on the basis of frequent (>5% in at least one race) and infrequent (<5% in both races) comorbidities. We focus on the question of whether a limited number of specific comorbidities are associated with pronounced differences in risk among races or whether the pattern displayed in Table 3 is broadly reflected across many individual comorbidities. Trends are described with the caveat that the results for specific categories often did not achieve statistical significance, as evidenced by 95% CIs that include 1.0. The nine more prevalent (>5%) comorbidities are described first. Relative to no comorbidities for the same race, six comorbidity categories were risk factors, while two (hypertension and hypothyroidism) were consistently protective for both races. In this model, Blacks without comorbidities had a 1.61-fold higher risk than Whites of death. Blacks also had a higher, although not necessarily statistically significant, risk of death than Whites in eight out of the nine more prevalent comorbidity categories (HRs ranging from 1.13 to 2.08); however, in six of these categories, the elevation in risk was less pronounced than for those with no comorbidities. A similar pattern occurred for the 15 less prevalent comorbidities. Except for complicated diabetes and rheumatologic disease, comorbidities were associated with elevated risk of mortality in both races compared with patients without comorbidities of the same race. With the exception of peptic ulcer disease, Blacks had a higher risk of death than Whites for these comorbidities (HRs ranging from 1.12 to 1.97); in 12 out of the 14 comorbidities that were risk factors, the elevation in risk for Blacks versus Whites was less pronounced than for patients without comorbidities.
Relative Treatment Rates
We investigated the possibility that patterns in the association of comorbidity burden with treatment and mortality were similar (Appendix B). After adjustment for age, SES, and contextual characteristics, having one or two comorbidities increased the chances of receiving treatment compared with having no comorbidities for both Blacks and Whites. Beyond two comorbidities, there was a decreasing trend toward receiving treatment for both races. Although the overall test of significance for an interaction between comorbidity number and race did not achieve significance (overall p = .110), the racial difference in the odds of receipt of treatment at two versus zero comorbidities differed significantly among the races (p A = .040). For individuals without comorbidities, Blacks were less likely than Whites to receive treatment (OR = 0.65; 95% CI = 0.54-0.78); this ratio was slightly higher for one (OR = 0.77; 95% CI = 0.64-0.92) and two comorbidities (OR = 0.80; 95% CI = 0.66-0.98). Examination of the patterns of treatment with radiation or prostatectomy suggested that the differences seen in any versus no treatment were largely a reflection of differences in prostatectomy rates among Black and White men. Here, the overall test of significance for an interaction between comorbidity number and race was significant (overall p = .027). The odds of a Black man with one and two comorbidities receiving prostatectomy were 1.46 (95% CI = 1.20-1.78) and 1.32 (95% CI = 1.06-1.65), respectively, compared with a Black man with no comorbidities. In contrast, the comparable ORs for White men were 1.13 (95% CI = 1.06-1.19) and 0.91 (95% CI = 0.85-0.98). Differences between the ORs were either significant or approached significance (p A = .056 and .010, respectively). Black men with no comorbidities had an odds of receiving prostatectomy that was 0.48-fold (95% CI = 0.36-0.63) that of White men with no comorbidities. The racial difference in odds of prostatectomy was smaller among men with one (OR = 0.62; p A = .052) or two comorbidities (OR = 0.80; p A = .009) but not among men with higher numbers of comorbidities. In contrast to prostatectomy rates, Black and White men had very similar rates of receiving radiation across all numbers of comorbidities.
Survival Patterns
In addition to estimating RR of failure, we used the Cox models to illustrate estimated 4-year survival rates for the unadjusted and partially adjusted models from Table 3 (Figure 2 ). In the adjusted models, age was set to 70 years, region to South, and the values for the other variables were set to the medians over all patients in the study (percentage poverty of 10.8%, MSA population of 1.3 million, isolation index of 0.50, median household income of $46,351, and percentage of males graduating high school = 73.2%). Figure 2 shows that predicted 4-year survival in Blacks (93.2%) was around 3% lower than in Whites without comorbidities (95.9%), but the gap narrowed to less than 1% for Blacks with four comorbidities (85.6%) compared with Whites with four comorbidities (86.4%). The partially adjusted model predicted that Whites without comorbidities survived at rates that were 2% higher than that for Blacks (96% vs. 94%), while Whites with four or more than four comorbidities survived at rates that were 0.5% lower than that for Blacks (88.3% for Blacks vs. 87.8% for Whites).
Discussion
This article demonstrates that an increasing burden of comorbidity tends to have less of an effect on Black than on White survival among elderly men with prostate cancer. Although 3-year mortality rates are relatively low for all groups, the absolute differences in survival between Black and White men are largest for men without comorbidities and narrow with increasing number of comorbidities. This pattern was most pronounced when examining counts of comorbidities but was also seen for individual comorbidities. Although racial differences in receipt of prostatectomy vary by comorbidity burden, differences in treatment do not explain racial differences in the effect of comorbidities on survival.
Despite the importance of comorbidities to outcomes, there have been relatively few prior studies examining racial differences in the relationship between comorbidity and outcome. One analysis of a North Carolina cohort found that the presence of hypertension or diabetes had a smaller impact on the development of Another study demonstrated similar patterns of association between the Charlson comorbidity index and mortality in Black and White women with newly diagnosed breast cancer (West et al., 1996) . Interestingly, Freeman et al. (2004) in a study of prostate cancer patients also demonstrated a racial difference in the effect of comorbidity on survival. The study included 864 prostate cancer patients from a single city, and the authors collected data using chart review rather than administrative claims. Results demonstrated that racial differences in mortality were greatest for men with no comorbidities (HR = 1.75; 95% CI = 1.33-2.31) and disappeared for men with five or more comorbidities (HR = 0.90; 95% CI = 0.59-1.29), a pattern remarkably similar to that seen in our data (Freeman et al., 2004) . Our study extends these findings to a national cohort of more than 50,000 men with localized disease, demonstrating a smaller racial disparity in survival among men with more comorbidities, a smaller effect of comorbidity on survival among Black men, and racial differences in the relationship between comorbidity and the use of prostatectomy.
What are the potential explanations for this finding? Several studies suggest that Blacks develop chronic illnesses at an earlier age than Whites . Thus, it is possible that Black men with chronic illnesses who are alive in their 60s and 70s are less "susceptible" to the impact of the illness because individuals who were at high risk of dying from their illness have died at an earlier age (Feinglass et al., 2007) . This type of survivor bias would select for more resilient individuals among Blacks and could explain a lower effect of comorbidity on mortality among elderly Blacks. Another possible explanation relates to differences in severity of prostate cancer. If Black men have more aggressive or advanced prostate cancer than White men, they may be more likely to die from prostate cancer and less likely to die from other causes. A larger competing risk of death from prostate cancer among Black men than White men could result in a smaller effect of comorbidities on overall survival. Although unmeasured severity of prostate cancer among Blacks may explain some of the results, its contribution is likely to be relatively small given the focus on individuals with localized disease. Furthermore, the same effect was seen in the study by Freeman et al. (2004) that included more extensive information on stage and grade taken from clinical charts. Another possible explanation is that being diagnosed with a chronic illness is a marker of better access to or quality of care among Blacks. If this were true, the higher level of health care access and quality among Blacks with more comorbidities would counterbalance the increased impact of comorbidity on survival. Finally, it is possible that the difference in effect relates to racial differences in the severity of the comorbidities. For the great majority of comorbidities (except diabetes), we have information only on the presence or absence of the comorbidity, not the severity of the disease itself. If Whites had greater severity of disease for any given comorbidity (e.g., worse coronary heart failure), this may lead to a greater impact of the comorbidity on outcome among Whites. However, most evidence suggests that the severity of common comorbidities (e.g., diabetes, coronary heart failure, renal failure) is greater among Blacks than among Whites, suggesting that this level of unmeasured severity is more likely to have minimized than exaggerated the observed effect.
Interestingly, we also find a racial difference in the effect of comorbidity on the use of prostatectomy, although these differences do not mediate the relationship between race, comorbidity, and survival. Here the pattern is not linear, with the greatest racial differences seen in patients with no comorbidities and the smallest differences seen in patients with one or two comorbidities. This pattern may reflect the combined effect of several forces: Having one or two comorbidities may be a marker for better access to care and a more "level playing field" for Black and White men. Above this number of comorbidities, the overall burden of disease may overwhelm the equalizing effect of access to care, and prostatectomy is likely to become a relatively rare intervention, with greater use among individuals with greater access and resources.
Individual comorbidities were heterogeneous in terms of their association with race and the absolute risk of mortality. Despite this heterogeneity, examination of the patterns across individual comorbidities suggested that the results seen for the comorbidity count largely reflected a broad underlying pattern among the individual comorbidities rather than a pronounced impact of a small set of individual comorbidities. With the exception of hypothyroidism, hypertension, and complicated diabetes, individual comorbidities tended to be associated with increased risk of mortality for both Blacks and Whites. In general, the risk for Blacks versus Whites with a particular comorbidity tended to be smaller than for Blacks versus Whites without comorbidities, although the CIs for these risk estimates were broadly overlapping. Beyond this finding, the results for the individual comorbidities did not provide any particular insight on the mechanism for the underlying pathway. We caution that because the sample sizes for individual comorbidities, particularly for Blacks, were considerably smaller than for the comorbidity count, these comparisons had more limited power, and for this reason, we focused on broad patterns rather than specific categories.
The finding that the effect of comorbidities varies by race has important implications for studies of racial disparities in health and health care. Many studies adjust for comorbidity when examining racial differences, but few, if any, consider the interaction between comorbidity and race. We have previously demonstrated that racial differences in physician trust vary substantially by geographic location and sociodemographic characteristics (Armstrong, Ravenell, McMurphy, & Putt, 2007) . It seems likely that this type of variation in disparity is more the rule than the exceptiona reality that has important consequences for efforts to reduce disparities. If disparities are not uniform within a specific clinical situation but vary by the characteristics of the patient or even of their city of residence, it becomes critically important to understand which groups are at greatest risk before developing interventions to reduce disparities. For example, although programs to reduce racial disparities in prostate cancer survival might naturally focus on Black and White men with the greatest contact with the health care system, those men are also most likely to have multiple comorbidities and, as demonstrated in this study, the smallest disparity in survival. Similarly, we have previously demonstrated that disparities in prostate cancer treatment may vary widely between hospitals or geographic regions (Asch & Armstrong, 2007) . Given the recent evidence that relatively little progress has been made in reducing cancer disparities over the last decade (Gross, Smith, Wolf, & Andersen, 2008) , it is possible that an inadequate appreciation of the complex variation within any given disparity has limited the effectiveness of our efforts to reduce these disparities. It is hoped that increasing our understanding of this variation can lead to more effective interventions and a different story for the next decade.
This study has several limitations. We used administrative data to define the cohort and assess comorbidities, treatment, and outcome. Administrative data have limited accuracy in some settings, although considerable support exists for their use in defining surgical treatment, comorbidities, and survival (Fisher et al., 1992) . The ability to identify prostate cancer patients from administrative data is less certain; however, we triangulated several approaches to maximize the accuracy of the case ascertainment. For several states, we were also able to compare the number of cases in our data with the number in the state SEER registries and found very similar numbers of cases. We studied a single disease, and the relationship between race, comorbidity, and survival in prostate cancer may not be generalizable to other diseases. As mentioned earlier, the number of Blacks in our study, while large, was substantially smaller than the number of Whites, so our ability to detect effects in Blacks was smaller than in Whites. Although the use of comorbidity number in addition to individual comorbidities reduced analytical issues with small numbers, comorbidity number is an imperfect estimate of comorbidity burden because all comorbidities are weighted similarly. Our study focused on men diagnosed with localized prostate cancer, and the generalizability of the finding to men with metastatic disease is unknown.
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